Introduction
Science is a complex adaptive system. Statistical studies of the system's structural properties are stifled by fundamental conceptual and methodological problems. One of them is the commonly adopted definition of 'basic research' and 'applied research'. The traditional understanding of 'basic science' relates to the relevance for problems internal to science, while 'applied science' corresponds to relevance external to science itself. 1 Developing quantitative measures that truly capture the differences between basic research and applied research are impossible for a lack of comprehensive and systematic data. As a result, progress on empirical modeling of science systems, and how science evolves, is hampered by this crude and outdated dichotomy between 'basic research' and 'applied research'.
Rather than using the 'basic-applied' perspective of knowledge production, and (possible) economic usage, this paper opts for an analytical perspective focusing on knowledge producers (authors of research publications) and usage within the scientific communities (absorbing and using the contents of publications). And rather than trying to classify research activities intrinsically according to the associated type of research, this approach offers the required empirical information on research characteristics that is amenable to systematic measurement. It offers the possibility to develop a metrics and measurement criteria ranging across the spectrum from 'basic' to 'applied'. The next section provides a brief overview of these concepts and earlier work on classification systems. The following section introduces the methodological approach for the new journal-based classification system. The Findings section applies the classification system to a large set of journals indexed by the Web of Science database. In the final section the paper concludes by reviewing the method's current methodological constraints as well as its potential for further applications and improvements.
Previous work
The concept of 'basic research' has been a topic on science policy and research funding agenda's for many decades. Attempts to arrive at a standardized definition, mostly for the purpose of statistical surveys, were often a subject of 1 From a purely epistemological perspective all sciences could be seen as 'applied', in the sense that they have to be relevant to some purpose. academic studies and heated debate among statisticians, especially within the USA and the Organisation for Economic Cooperation and Development (Godin, 2003) . Many taxonomies and classification systems dealing with the various types of research have been proposed and rejected; almost 40 years ago, Rothschild (1972) suggests the following split with the different types of research: 'Pure basic research is carried out for the advancement of knowledge, without seeking longterm economic or social benefits or making any effort to apply the results to practical problems or to transfer the results to sectors responsible for their application', and 'Oriented basic research is carried out with the expectation that it will produce a broad base of knowledge likely to form the basis of the solution to recognized or expected, current or future problems or possibilities', while 'Applied research is also considered as original investigation to acquire new knowledge. It is, however, directed primarily towards a specific practical aim or objective.' In this Manual, the OECD also recognizes the need for further elaboration with regards to 'applied research': 'Applied research is undertaken either to determine possible uses for the findings of basic research or to determine new methods or ways of achieving specific and predetermined objectives. It involves considering the available knowledge and its extension in order to solve particular problems. In the business enterprise sector, the distinction between basic and applied research is often marked by the creation of a new project to explore promising results of a basic research programme', where 'The results of applied research are intended primarily to be valid for a single or limited number of products, operations, methods or systems. Applied research gives operational form to ideas. The knowledge or information derived from it is often patented but may be kept secret.' 4 Despite all the OECD's good intentions and efforts, these definitions still lack sufficient clarity in terms of to measurable aspects of research inputs, outputs or impacts. As a consequence, statisticians, scientometricians and other analysts have been forced to contend themselves with these rather fuzzy notions and descriptions, which in turn continues to hamper thorough comparative statistical analyses of science (Godin, 2003) . Fortunately, some conceptual and methodological progress has been made outside the realm of the statistical offices to devise categories of research activities that transcend the 'basic/applied' duality. OECD's 'oriented basic research' concept resonates with views of Stokes (1997) who introduced the concept of 'Pasteur's Quadrant' to question the legitimacy of this duality for describing and analyzing the general patterns and trends within contemporary science. The quadrant is framed by two key questions regarding the ultimate goal of research activities: is it driven by quest for fundamental understanding (yes/no), and are there considerations for use (yes/no)? The quadrant comprises of three meaningful categories:
• Pure applied research;
• Use-inspired research;
• Pure basic research.
This extension from two to three categories introduces the 'context of application' perspective and creates a middle ground of 'use-inspired' categories within a classification system. However, similarly to the OCEC definitions, Stokes' conceptual framework lacks an analytical model to translate these categories into systematic large-scale collection of empirical data and comparative quantitative measurement.
The only method available thus far, is one of developed by CHI Research (Philadelphia, USA) in the 1980s.
2 This classification system of science is based on expert assessments of individual research journals, which are assigned to one of four categories ('levels' in CHI terminology) according to a journal's degree of 'appliedness' as reflected in its contents (Noma, 1986; Hamilton, 2003 Nonetheless, for lack of feasible alternatives, using research journals as an entry point to collect comprehensive empirical data remains an attractive approach for developing more elaborate classification systems of science.
Methodology
Some of methodological problems can be partially circumvented by introducing a general typology of journals based on the concept of the 'institutional research environment', i.e. the organizational environment in which research activities are conducted. The notion of classifying research activities according to the institutional environment of researchers dates back to the 1960s (Reagan, 1967) , an idea further explored by a series of studies during the 1970s (e.g. Falk, 1973; Brooks, 1980; Langenberg, 1980 Based on the scores along each hypothetical axis, radiating of the core, one can profile each journal according to its degree of relevance within major domains. Journals with a high score in either domain, and hence located closest to an edge of the triangle, are classified as 'application oriented'; those with a low score are seen as 'discovery oriented' and reside in the centre of this triangle.
Those core journals are predominantly journals with 'academic' contributors employed by universities or other public sector research-performing organizations. The corresponding journal classification system distinguishes three major domains of research applications: the medical and health sector, the business sector, and the civic society sector. Accordingly, the classification system assigns each journal three percentages, each ranging from 0 to 100:
• Clinical relevance -% of author affiliate addresses referring to a general hospital, medical center or clinic;
• Industrial relevance -% of author affiliate addresses referring to a business enterprise on another type of private sector organization;
• Civic relevance -% of author affiliate addresses referring to local, national or supranational government agencies, ministries, or other civic society organizations (e.g. societies, trade unions). 
Application

Web of Science database
The current edition of the classification system was applied to scholarly journals Introducing the second criterion excludes university hospitals and academic medical centers. These organizations are assumed to be primarily engaged basic 'discovery oriented' research. The distinction between university hospitals and other university organizations is often also blurred in author affiliate addresses because academics often simply list their university as affiliate address, with no mentioning of the hospital, clinic or other medical centre. General hospitals that are assumed to be primarily engaged in 'application oriented' clinical research and applications of medical science as compared to their academic counterparts.
However, the exclusion of the university hospitals and medical centers from the medical sector remains problematic given the lack of a clear-cut division between the university-affiliated medical institutes and those outside the university system. In practice, similar application domains occur in both types of organizations, notably the intermediate 'transfer' orientation often referred to as 'translational research'. Also, it is not uncommon for research staff having affiliations in both kinds of institutes, nor is uncommon that general hospitals participate in academic research projects (e.g. in clinical trials). Table 3 ).
FIG. 2. Journal distribution across knowledge utilization domains (% of addresses
referring to the corporate sector or medical sector).
Comparison with the CHI Research classification system
How do these metrics relate to CHI Research's 4-level classification system?
Only a subset of 5517 WoS-indexed journals can be labeled by CHI Level, where more recently indexed journals will be under-presented. The CHI-indexed journals were distributed across the four levels as follows: 1. n=978 (18%); 2. n=1 375 (25%); 3. n=1 369 (25%); 4. n=1 795 (32%). Cross-distributions of the relevance scores and these levels are displayed in Figures 3a and 3b . In Figure 3b , dealing with industrial relevance, the same general pattern occurs but the intra-level spread is even larger than in the case of clinical relevance, where the CHI level fails to make any meaningful distinction within the applied Levels 1 and 2. Somewhat lower, but still significant, correlation coefficients are found between CHI levels and the industrial relevance scores:
Pearson correlation coefficient P=-0.19 and Spearman's rho coefficient ρ=-0.12 (both are significant at the 0.01 level).
In view of the fact that the CHI Research classification system dates back to the 1980s and 1990s, or at very least back to 2002 (Hamilton, 2003 , many journals might have shifted their cognitive emphasis in recent years -some becoming more 'applied', others more 'basic'. Part of the observed discrepancy between the classification systems might therefore allude to changes in journal editorial policies, and associated shifts in content and institutional origins of authors that may have occurred in recent years. However, the major part of the striking differences between the relevance scores and the CHI classification system are left unexplained, which suggests that the discriminatory power of the relevance scores seems superior, especially in identifying and categorizing the applications-oriented journals.
Validation studies
To gauge the validity of the 'industrial relevance' and 'clinical relevance' metrics one needs an independent information source to describe a journal's 'application orientation' profile. The two most obvious options for conducting such cross-validity studies are problematic, if not impossible: one could try to get hold off data from journal publishers to identify the share of subscribers from the medical sector and business sector (which tend to be closely-protected confidential files), or distribute surveys amongst the authorship of journals (largescale sampling is a huge undertaking, with a large likelihood of suffering from high non-response rates). In both cases the outcome is likely to be subjective and unreliable. Alternatively, one could search other sources of bibliographical information with a bearing on a journal's 'applied/basic' profile.
One option is to compare a journal's 'industrial relevance' score with data extracted from the reference lists of patents. More specifically, patent references that are included in a patent examiner report, and 'cites' a publication in the scientific journal literature, where the journal is indexed by the Web of Science.
One may safely assume that those journals that are highly cited within patents will relate to, or contributed to, the R&D underlying patented technologies.
Hence, these so-called 'non patent references' (NPR) in patents can be used to 6 These subject categories are imperfect representations of scientific fields, initially designed for, and primarily meant for, information retrieval. They are often very fuzzy defined, and the selected set of journals is neither a complete nor coherent set of all journals that are relevant to the field (e.g. Boyack et al., 2005; Leydesdorff and Rafols, 2009 coefficients (R) between "industrial relevance" and "NPR intensity".
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Journal Application Domains
We have now moved from the crude two-category 'basic/applied' classification system, via Stoke's three-category system, to CHI Research's elaborate fourcategory system. Clearly, more differentiation is needed to accommodate the observed diversity within the scholarly journal literature. The statistics and general patterns presented in the previous analyses constitute an evidence-based objective framework for systematically classifying journals according to knowledge application domains. The shape of the distributions depicted in Figure   1 Any data reduction process of numerical scores into such a small number of JAD categories is deemed to introduce a certain measure of arbitrariness and statistical 'noise'. To counter this effect, one should determine the cut-off points conservatively, i.e. reserving the extreme categories for those journals that differ significantly from the mean or median, while the intermediate categories are sufficiently broad to accommodate the wide variety at the center of the distribution. The distributional statistics in Figure 2 and Table 2 suggest the six categories as listed in Table 3 , with corresponding integer value cut-off points.
These thresholds (3%, 14% and 20%) were validated in an ad hoc fashion by inspecting the journal titles, where titles referring to application-oriented research topics and areas were used as a marker. The summary statistics of each category are displayed in Table 4 , along with the number of journals they contain. - 
JAD WoS journals mean median stan. dev. mean median stan. dev. I-C 265 8.9 7.6 4.3 11.3 9.9 5.4
Case study
This particular application of the JAD classification system addresses one of the major issues in science policy and in science studies: is contemporary global science becoming more application-oriented? In their study of UK science, Hicks and Katz (1996) argued that the locus of knowledge production might be shifting in the direction of application domains. Based on their analysis of the Science Citation Index database (now included in the Web of Science), they observed growth rates in publication output above the UK average rate, both by corporate sector authors and by those within medical sector, yet no conclusive indications were found of increased application-orientation within UK science as a whole (Hicks and Katz, 1996) . - 
These subtle shifts suggest a redistribution of publication output within the industrially relevant research domains, where research publication output in journals closest to science-based technological development (Stoke's Pure applied research) are very slowly loosing ground to journals that are less oriented to industrial research (Stoke's Use-inspired basic research). This 'hidden evolution' within the global research literature mirrors trends in corporate R&D expenditures and research publication output volumes indicating that science-based industries have been gradually scaling down the level of resources devoted to in-house scientific research (Godin, 1996; Varma, 2000; Tijssen, 2004) . The observed trends in publication output may also arise (in part) from changes in publication habits and strategies, where corporate research staff is publishing less about their research findings within WoS-indexed journals (all else remaining equal).
The distribution of JAD categories across all fields of science worldwide is shown in Figure 4 . This graphical presentation, produced by VOSviewer, dispicts 
Discussion and conclusions
Scientific research constitutes a complex, multifaceted activity -its dimensions are many, several of which are time-dependent and contextdependent. However, complexity need not breed mystery, because relevant dimensions are clearly observable and some are, albeit crudely, measurable in terms of comparative statistics. The model and method presented in this paper taps into one of those measurable dimensions: it introduces a systematic evidence-based classification system of research publication outputs that helps unravel the diversity within science in terms of major application domains.
However, the usage of research publications, and institutional sectors of their authors, for capturing and codifying diversity is merely a crude approximation of real life and therefore subject to justified criticism.
The taxonomic principle of the JAD classification system rests critically on two basic assumptions: (i) an entire journal can be assigned to a single JAD category reflecting its major application domain(s); (ii) these domains are reflected in the institutional sector(s) and associated working environments of the authors publishing in the journal. At macro levels of analysis both are likely to hold, i.e.
across large sets of journals representing science as a whole, or within fields of science. At meso and micro levels, i.e. within journals and among authors, these assumptions may break down as the degree of variance within the data increases.
Research publications within a journal tend to reflect different stages within knowledge creation and utilization process, and may include research papers from authors covering a variety of working environments and application domains.
Obviously the authors may also differ quite a lot in terms of their motives and rationale for doing science and disseminating results in their publications, as do 
